A preliminary study of the effects of coherence on the transmitted field through a photonic crystal is presented and discussed with reference to a particular geometry.
INTRODUCTION
The effects of spatial coherence of light in its interaction with inhomogeneous media has been considered in some particular cases'. Perhaps, the earliest work on the theory of partial coherence for the propagation in periodic structures has been the study ofthe effect ofmultireflections occurring in optical cavities by E. Wolf and W. Streifer3.
More recently some attempts have been made to construct a theory of partial coherence for wave propagation in periodic media such as photonic crystals4. In the present paper we wish to consider a particular example of a 2D-structure which shows a transmission that may be strongly influenced by the spatial coherence properties of a monochromatic beams, so providing a simple tool to give a rough measure ofthe coherence properties ofthe beam.
COHERENCE THROUGH A SIMPLE GRATING
The general theory of coherence of a field propagating in a photonic crystal has been developed in some papers4 which have proved some general properties.
In the present paper an application is considered with a grating sandwiched between two 1 D-layered structures. The response of such geometry is strongly influenced by the wavelength of the radiation and therefore it is convenient to speak in spectral terms adapting the concept of spectral visibility and spectral correlations which was introduced by Mandel and Wolf5 already in 1976. The spectral visibility V(r,v) at a given point P(r) is defined as V(r v) = W(r,v)max W(r,v)min (1) , W(r, V)max + W(r, V)min where W(r, v) is the spectral density at the frequency v. For a white source of continuous spectral density in a sufficient small interval of frequency 6v, one may assume W(r,v)=W = cost (2) and v+5v J W(v')dv'=W6v (3) The spectral visibility is then V (r) = Jt,(r)m -
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To start with let us consider the more intriguing part of our studied structure made by a grating with period d along the x-direction on which a plane monochromatic wave propagating along z and polarized linearly with the electric field vibrating along y (s. fig. 1 ) is impinging. A number of plane waves comes out from the grating (in the figure three waves are shown) with different propagation directions. 
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where n0 is the refractive index ofthe outside medium, n is an integer number n = 0, k is the wave number k0 = 2t/X and (pj is the incoming angle. If the input field is incident normally, the incoming angle p is zero and to have homogeneous plane waves in transmission one must have nk-k O (7) Therefore the n-th order diffracted wave will propagate in the output semispace only if d n no - 
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In the observation plane at some distance z0 from the grating the output field is made by the sum of a finite number of plane waves which interfere with each other. The calculation ofthe total field in the case offully coherent waves is quite easy. To consider more complex cases let us start from the spatial frequency integral representation of the output field so that the output field E(x) can be written as the inverse Fourier transform on the plane z N _ (nk,+k )x+nk-(nk+k )2:
or in a more compact way
We are now in the position to obtain the mutual coherence function
which can be written as
where
) is the spatial cross-spectral function ofthe incident field offrequency v.
Ifthe two points x1 e x2 coincide, then (x1 , x2 ) is the output intensity and we have
Ifwe assume that the input plane wave is a stationary process that depends on the two spatial variables only through their difference x7 -x1 , F is a function of only and we may write
( I 9) and substituting ( I 9) in ( I 6) and ( I 7) we obtain I(x)= 
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and substituting (19) in (16) and (17) Except for a multiplicative constant eq.(23) is exactly the intensity distribution on the plane z (z is implicit in the function T) of a fully spatially coherent field. We have important effects due to partial coherence only if the function I'(k) is wide enough not to be approximated by a Dirac 6-function. In this case, we have a combined effect due to the partial coherence of the incoming field and the geometrical properties of the system. If a >> X, the geometrical parameters ofthe 2D structure are not so important. Consider however eqs.(20) and (13).
We have to consider that in the sum (13) the terms T(k) are constant with respect to the spatial coordinates x and z. They are produced only by the angular spectral properties ofthe 2D structure. The exponential term is the propagator for the single plane waves that from the 2D system propagate till the z plane. In Fig.2 (where for simplicity only three waves are considered of the 2N+1 ones in output) we consider two z planes where to calculate the intensity by eq. (20). The propagator for the n-plane wave in output is written as
. It is evident that for some range of k values the number of turns of the vector K on the complex plane (and therefore the number of the phase cycles) is greater as the z plane is moved far apart. This means that eq. (13), that gives the form ofthe interference fringes on the z plane is more sensible to k as the z plane is farthest away. This means that, by increasing z, the fringes tend to disappear. In fig. 1 the interference fringes will be more visible on the plane z1 than on z2. The threshold between visible fringes and no fringes is approximately given by the value 2 . For z < 2 the fringes are well visible, for z > 2c the visibility tends to zero. This is a characteristic linked to the mathematical and physical properties of the propagator K, more than to the geometrical characteristics of the 2D system. Except for a multiplicative constant eq. (23) is exactly the intensity distribution on the plane z (z is implicit in the function T) of a fully spatially coherent field. We have important effects due to partial coherence only if the function 1T(k) is wide enough not to be approximated by a Dirac 6-function. In this case, we have a combined effect due to the partial coherence of the incoming field and the geometrical properties of the system. If a >> X, the geometrical parameters ofthe 2D structure are not so important. Consider however eqs. (20) and (13). We have to consider that in the sum (13) the terms T(k) are constant with respect to the spatial coordinates x and z. They are produced only by the angular spectral properties ofthe 2D structure. The exponential term is the propagator for the single plane waves that from the 2D system propagate till the z plane.
In Fig.2 (where for simplicity only three waves are considered of the 2N+1 ones in output) we consider two z planes where to calculate the intensity by eq. (20). The propagator for the n-plane wave in output is written as
. It is evident that for some range of k values the number of turns of the vector K on the complex plane (and therefore the number of the phase cycles) is greater as the z plane is moved far apart. This means that eq. (13), that gives the form ofthe interference fringes on the z plane is more sensible to k as the z plane is farthest away. This means that, by increasing z, the fringes tend to disappear. In fig. 1 the interference fringes will be more visible on the plane z1 than on z2. The threshold between visible fringes and no fringes is approximately given by the value 2. For z <2c the fringes are well visible, for z > 2 the visibility tends to zero. This is a characteristic linked to the mathematical and physical properties of the propagator K, more than to the geometrical characteristics of the 2D system. where X0=O.5tm. In particular. to calculate the thickness ofthe grating we calculated the equivalent refractive index and from this one we determined the thickness to obtain the equivalent optical path ?/4. The period d has been chosen d-a20 with a-1.8: with this choice of d and of 2 it is clear that only three plane waves are in the output. as it is schematized. The period d comprises two regions of refractive index n1 and n2 of equal extension.
PHOTONIC CRYSTAL WITH A CRATING AS A DEFECT
We now consider a more complex structure made by alternating two layers ofdifferent refractive index and putting at the centre of the structure a grating similar to the one already discussed. The structure and the numerical values of the structure parameters are shown in Fig.3 . Figs. 4 show the interference fringes obtained on two different planes at a distance z from the PBG. We have considered a plane input wave with a Gaussian correlation function with = 1 Ojxm . In each figure are shown two curves: I shows tha case of a fully coherent field ( = x ), the other curve shows the fringes for the partially coherent field (c=1Otm).
Simple inspection shows that by increasing the distance z the fringe visibility for the partially coherent field decreases becoming eventually zero at great distance (z = 100 tm). However already at z = 30 tm (z = 3) the fringe visibility is almost zero.
DISCUSSION
The position of the intensity maxima changes as a function of z as it may be expected and the fringe visibility is always small because the three interfering beams have not equal intensities. Therefore even in the fully coherent case the distribution of intensity outside the structure exhibits fringes of low visibility that changes as a function ofz in a waving way. The fringe visibility of the partially coherent source is always lower than for the fully coherent source going to zero for values of z>> c. This behaviour could find application for a very simple rapid and inspection of the spatial coherence properties of a source. Observing the intensity distribution on a plane moving far-away from the structure, at some distance fringes should disappear.
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